Episodic pulses of hydrothermal fluids were introduced along faults and possibly mixed with the ground water in the breccia zone. Initially, jasperoids formed along the faults, but later hydrothermal pulses introduced gold, silica, and fluorine into both the early jasperolds and the unconsolidated cave-fill sediments to form the orebody. Continued solution-related brecciation chaotically disrupted the gold deposit.
Regional Geologic Setting
The Humboldt Range is a north-trending structural horst that formed during late Cenozoic normal faulting. Thick alluvial fan deposits fill the adjacent grabens. The oldest rocks exposed in the range include small windows in the overlying Grass Valley (Fig. 2) . Diabase dikes of probable post-Late Cretaceous age fill northwest-trending faults on the eastern margin of the deposit. High-angle northwest-trending faults also cut the sedimentary rocks.
Host rocks
Cane Spring Formation: The Cane Spring Formation is characterized by a very thickly bedded limestone sequence that forms the upper part of the Triassic Star Peak Group (Nichols and Silberling, 1977) . At and adjacent to the mine, beds of the Cane Spring are light gray to bluish black, locally pyritic limestone as much as 4 m thick. Bedding-parallel styolitic layers contain sooty black carbonaceous material and residual quartz grains. The limestone is predominantly micrite and fossiliferous micrite with interbedded silty micrite and biosparite. Local dolomitization produced patches of coarse-grained dolomite (Fig. 3A) . Due to the extensive development of the solution breccia, the limestone exposed at the mine is limited to small islands of coherent rock. The lower part of the formation, exposed north of the mine, is thinner bedded (less than a meter thick) and contains conglomerate and quartzofeldspathic interbeds.
Grass Valley Formation: The Grass Valley Formation, the lowest part of the Auld Lang Syne Group, consists of olive-gray argillite, siltstone, and tan sandstone and it depositionally overlies the Cane Spring Formation. The blue-gray argillites and siltstones contain subangular to subrounded quartz grains with interstitial potassium micas and chlorite (Fig. 3B) 
Structure and metamorphism
Mesozoic deformation: The sedimentary rocks were metamorphosed to lower greenschist facies during regional Jurassic and Cretaceous deformation (Oldow, 1984) . Mesoscopic to map-scale northwest-and northeast-trending isoclinal folds are common in the Cane Spring Formation less than a kilometer to the northeast of the mine, whereas the limestone beds at the mine dip relatively uniformly to the south-southwest. The Grass Valley Formation is complexly folded and faulted both at the mine and in surface exposures to the south.
Penetrative slaty cleavage in both the Grass Valley and Cane Spring Formations imparts a distinct platy texture that is oblique to bedding. Slaty cleavage is particularly well defined in the Grass Valley, where it generally obscures the bedding. Cleavage is poorly developed in the massive Cane Spring limestones, although it is well defined in shaly interbeds.
Postcleavage styolites are common at all scales in the Cane Spring limestones and at a microscopic scale in the Grass Valley shales. The styolites sever veins of calcite and quartz in the limestones and shales, respectively, suggesting some pre-or syndeformation vein development. The styolites also truncate patches of coarse-grained dolomite (Fig. 3A) . altered diabase dike; silicification along several of the others produced tabular jasperoid bodies (Fig. 2) (Fig. 2) . The range front north of the mine slopes precipitously to the west and is cut at its base by a highangle, north-northeast-trending normal fault, which has hundreds of meters of apparent vertical offset related to Tertiary and younger uplift of the range (Fig.  1) . In contrast, the range front south of the mine is subdued and the frontal zone is much less pronounced. This in large part may be due to a southward change from resistant limestones to more readily eroded shales. However, on the basis of rotary drilling data, a structure contour map of the base of the Grass Limestone beds and limestone breccias both abut the large diabase dike. When its well-defined, tabular form is considered, the dike was probably emplaced prior to solution brecciation and it follows that the original fault in which it occurs is also older than the breccia. Similarly, linear jasperoid bodies fill fault zones that pass through the incoherent breccia, suggesting that the faults and at least the early jasperoids formed prior to brecciation. Indeed, jasperoid fragments are present in some breccia zones and less commonly in the bedded cavity-filling silts. The breccia unit had been described previously as a subaqueous debris flow ("fiuxoturbidite"; Fiannaca and Easdon, 1984 
Occurrence of Gold and Other Metals
Gold is present in the jasperoids and in the matrix of the solution breccia, including the carbon-rich zones, based upon studies with the scanning electron microscope. In all of the jasperolds, gold occurs as 0.4-to 4.0-tzm flakes intergrown with or deposited on fine-grained silica. Gold was not detected in the massive, dark-colored early jasperoids but rather was found in the somewhat coarser grained veinlets and zones that cut the massive jasperoid. Pyrite and galena were deposited in the early jasperoids; gold was not detected in pyrite at the detection limit of the scanning electron microscope. In the later jasperoids, gold occurs in jasperoid veinlets and pods that formed during the later stages, in places the last stage, of silicification (Fig. 3G) . Cinnabar, native silver, and arsenic sulfides, as well as rare barium, copper, and tungsten minerals were also detected in the same silica matrix that contains the gold. One grain of silver enveloped a 1-tzm flake of a calcium-tungsten mineral, possibly scheelite. Sphalerite and silver sulfides are present in both early and late jasperoids.
Gold in the silicified and oxidized breccia matrix forms 1-tzm platelets on quartz and is disseminated through the clay-quartz matrix. Where the matrix is weakly to strongly silicified, gold particles rest on platelets of microcrystalline quartz and on the crystal faces of euhedral 10-tzm quartz crystals that project into small voids; mercury sulfides have a similar occurrence (Fig. 3H) . The matrix also contains rare grains of barite and various sulfur-free silver and copper minerals.
Gold in the carbon-rich matrix forms 0.5-to 10-tzm grains that were deposited on the surface of fine- Analytical techniques: specific ion electrode (F), hydride generation atomic absorption spectrometry (As, Sb), cold vapor atomic absorption (Hg), bromide digestion atomic absorption (Au), graphite furnace atomic absorption (T1), induced coupled plasma (Ag, Ba, Cu, Li, Pb, Zn) grained silica, potassium mica, calcite, and euhedral quartz. Euhedral pyrite cubes, 2 to 4/zm in size, are dispersed through the matrix but are not related to the gold. Trace amounts of galena and one grain of electrum were also detected.
Age of Mineralization
The absolute age of the deposit is unknown, but geologic constraints suggest that mineralization was Tertiary or younger. Pre-Late Cretaceous deformation and metamorphism of the host rocks (Oldow, 1984) 
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